SUMMARY We examined the extent to which ischemic myocardium was salvaged by reperfusion using a method that allowed expression of the volume of infarction as a percentage of the volume of the perfusion bed of the occluded artery (region at risk of infarction). In eight baboons, the left anterior descending coronary artery (LAD) was occluded for 2 hours, after which perfusion was restored. A control group of eight baboons underwent an identical protocol, but perfusion was not restored. Twenty-four hours after occlusion, microvascular dyes were injected into the LAD and adjacent arteries to delineate the perfusion bed of the occluded artery. The volume of infarction and volume of the perfusion bed were determined planimetrically. The mean percentage of the perfusion bed infarcted in the control baboons was 94.2 + 3.5% and 50.1 ± 5.8% in the reperfused baboons. Hence, the mean percentage of the perfusion bed infarcted was reduced by 44.1% in the reperfused group compared with the control group (p < 0.001). In reperfused baboons, hemorrhage occurred in the region of infarction but did not result in infarct extension. We conclude that reperfusion after 2 hours of coronary occlusion results in substantial salvage of ischemic myocardium in the baboon.
CORONARY ARTERY REPERFUSION initiated early after acute coronary artery occlusion may result in a reduction in ultimate infarct size, but the duration of coronary occlusion after which reperfusion results in significant salvage of ischemic myocardium remains unclear. Some experimental animal studies have shown a significant reduction in infarct size when reperfusion was initiated within the first few hours after occlusion. '-7 Other studies have shown that reperfusion initiated within the same time period results in either no significant change2 [8] [9] [10] or an increase in infarct size." These diverse experimental findings may be attributed to methodologic differences. When comparing control and reperfused groups, most investigators have compared absolute infarct volumes or infarct volumes expressed as a percentage of left ventricular volume. However, the size of an infarct resulting from coronary artery occlusion varies considerably at any given anatomic site,t2' 13 owing to inherent differences in the distribution of the anatomic perfusion bed of an occluded coronary artery. Thus, considerable error is introduced when absolute infarct volumes or infarct volumes expressed as a percentage of the left ventricle are used to quantitatively assess the degree of myocardial salvage achieved by reperfusion. We circumvented this problem by expressing infarct volume as a percentage of the volume of myocardium at risk of infarction and using each animal as its own control. 1116 We used a microvascular dye injection technique that accurately delineates the anatomic perfusion bed of an occluded artery (region at risk of infarction). '7 We compared the percentage of the perfusion bed of an occluded coronary artery that undergoes ultimate infarction in control and reperfused baboons to quantitatively assess the effects of reperfusion on infarct size. We studied baboons because their coronary anatomy closely resembles that in man.'8 9 The results may help clarify the time interval during which coronary revascularization in man may result in significant salvage of acutely ischemic myocardium in the absence of a well-established collateral circulation. Methods
Surgical Preparation
Sixteen baboons that weighed 13-18 kg were sedated with intramuscular ketamine hydrochloride, 10 mg/kg. Anesthesia was induced and maintained by i.v. sodium thiopental, 2 mg/kg. Standard lead II of the ECG was monitored throughout the procedure. Ba superimposing the slide on the tissue block. Microscopic examination of each histologic slide allowed the area of infarction to be also marked on the slides. The pattern of infarction with early coronary reperfusion is different from that with permanent coronary occlusion. With early reperfusion, a confluent central zone of infarction and a surrounding peripheral zone of patchy infarction are present. These areas were marked on each histologic slide. An enlarged tracing was made from each slide with a slide projector. The areas of the perfusion bed, central infarction and patchy infarction were determined by planimetry of the tracing. These areas were multiplied by the thickness of each cross section to give the volumes for each section. Summation of the volumes of each tissue section yielded the total volume of the perfusion bed (VPB), total volume of central infarction (V,) and total volume of patchy infarction (Va,) fwor each baboon.
Statistical Analysis
The significance of hemodynamic and histologic changes in control and reperfused baboons was examined by t test. The relationship between VP and VI was examined for both groups of baboons by regression analysis. The correlation coefficient and the standard error of the estimate are given for all regression equations. The significance of differences in the variances, slopes, and elevations between regression lines was determined by F test. All values are given as mean + SEM.
Results

Delineation of the Perfusion Bed of the Occluded Coronary Artery
Cross sections of the left ventricle in both control and reperfused baboons showed that the perfusion bed of the occluded coronary artery was readily delineated by the microvascular dye. The distinct demarcation of perfusion bed boundaries as well as the extensive midwall hemorrhage characteristically observed in the reperfused baboons are shown in figure 1. Because of the increased amount of necrosis in control baboons, the FwvsuRE I. Cross sectiono(lf the heart ftom a rsepejused ba boon. Tle pefitsioni bed of the previous/l occlded left Epicardial ST-segment elevation occurred immediately after coronary occlusion in both the control and reperfused groups and remained constant during the 2-hour postocclusion monitoring period, indicating ischemia of the underlying myocardium. In the reperfused group, successful restoration of antegrade perfusion after release of the occluding snare was indicated by a rapid decrease in epicardial ST-segment elevation, the appearance of arterialized blood in the previously occluded artery, and the resolution of cyanosis in the ischemic region.
Hemodynamics Table 1 summarizes the hemodynamic results for the control and reperfused baboons for the preocclusion and 2-hour postocclusion recording periods. There was no significant difference between groups in any of the hemodynamic measurements at either recording period. Figure 4 shows the hemodynamic effects of occlusion and reperfusion for the reperfused groups of baboons. Occlusion resulted in a significant increase in LAP (p < 0.001) and a significant decrease in peak dP/ dt (p < 0.05) within the first few minutes of occlusion. No significant changes occurred in heart rate, arterial pressure or cardiac output. Similarly, reperfusion resulted in a significant increase in left atrial pressure (p < 0.01) as well as a significant decrease in peak dP/dt (p < 0.05). The hemodynamic changes with reperfusion returned to prereperfusion values within 30 minutes. No significant changes occurred in heart rate. arterial pressure or cardiac output within the first few minutes after reperfusion.
Discussion
We previously showed that after acute coronary occlusion in the baboon, injection of microvascular dye into the occluded artery and adjacent arteries (direct method) or injection of dye only into the adjacent arteries (defect method) accurately delineates the anatomic perfusion bed of the occluded artery.'7 In both the control and reperfused baboons, the perfusion bed of the occluded artery was readily delineated using the direct method. In the control group, however, the microvascular dye directly injected into the previously occluded LAD only partially filled its perfusion bed because of increased vascular necrosis. Although the perfusion bed of the occluded artery could have been successfully delineated by the defect method alone (due to the minimal collateralization between perfusion beds in the baboon heart), the color contrast provided by the addition of the direct injection facilitated delineation of the perfusion bed. 
